Results

Capulet Protein Accumulates in the Embryonic
). the question of whether Capt contributes to the function of the Abl pathway during nervous system development.
In contrast to wild-type, capt-Abl transheterozygotes display consistent axon guidance defects at the CNS However, examination of many independent capt allelic combinations that remove zygotic expression without midline. In these double mutants, ipsilateral axon fascicles now ectopically cross, primarily from the most doraffecting other genes nearby revealed no defects in the embryonic CNS (see Experimental Procedures). We atsal-medial MP1 pathway ( Figures 3B and 3C ). An allelic series of this capt-Abl synthetic phenotype is seen tribute this to the large maternal supply of Capt protein visible in the early embryo ( Figure 1A; Figure 3E ). Interestingly, a parallel rescue exthetic phenotypes that arise in transheterozygotes, which lack only one copy of each interacting locus (e.g., periment using an N-terminal deletion removing the putative Capt adenylyl cyclase-associated domain proKidd et al., 1999). Heterozygotes that lack one copy of capt or Abl alone show no detectable CNS phenotypes vides only a 2.7-fold rescue under the same conditions ( Figure 3E ; see Discussion), despite the fact that the when compared to wild-type strains ( Figures 3A and  3D) To further test the model that capt acts in the repellent robo2 gets stronger; mutants lacking two copies of capt and one copy each of robo2 and robo3 (see Experimenpathway, we turned to the receptors. However, we realized that single gene mutations might not be sufficient. Figure 4K ). Yet, when capt alleles were comrepulsion of growth cones at the midline is dependent Figure 5F ). These were present in capt-robo2,robo3 mutants, even where axons inappropriately crossed the midline ( Figure 4F) . observations demonstrate that Abl is required for inhibiting the passage of ipsilateral axons across the midline We also looked at the first axons in the MP1 fascicle just as they are pioneering the ipsilateral pathway early and suggest that the role of Abl is more complex than previously appreciated. in CNS development. At stage 12, the posterior corner cell (pCC) extends its axon along an anterior trajectory Since analysis of Abl loss-of-function would predict cooperation between Abl and other genes in the repelparallel to the midline in order to pioneer the most medial Fasciclin II-positive (MP1) pathway ( Figure 4G ). In captlent pathway, we assayed for genetic interactions in embryos transheterozygous for Abl and either slit or robo2,robo3 mutants, we sometimes found pCC axons that turned toward and crossed the midline at this early combinations of mutations in different roundabout genes (ie. slit/ϩ;Abl/ϩ or robo,robo2/ϩ,ϩ;Abl/ϩ). To our stage ( Figure 4H ). This phenotype is similar to that seen in robo alleles (Seeger et al., 1993) . surprise, these embryos displayed striking midline phenotypes far stronger than control genotypes (compare Figures 6E and 6F (Figures 7K-7N) ; however, there was no effect on midline crossing in any of these genotypes (data not shown). Thus, in vivo, Abl is capable of a functional interaction pathway.
Immunohistochemical Reagents Experimental Procedures
Abl antibodies were used at 1:200 in whole-mount immunohistchemical stainings of embryos, 1:500 in Western blots, and 2-4 g per IP.
Cell Culture and Protein-Protein Interactions
Polyclonal antibodies were generated against one synthetic pep-S2 cells were cultured in Schneider's media supplemented with 10% tide (B.B. and N.P., unpublished data) of Capt in rabbit. ELISA was FCS and 50 units/ml penicillin/streptomycin. For each immunopreused to confirm immunoreactivity to the appropriate peptide. Anticipitation, 1 ϫ 10 7 cells were lysed in 1% NP40, 50 mM Tris-HCl (pH bodies were subsequently affinity purified and used at 1:100 in 8.0), 150 mM NaCl, 1 mM Na 3 VO 4 , and protease inhibitors pepstatin, whole-mount immunohistochemical staining, 1:2000 on Western leupeptin, aprotinin (1 g/ml), and Pefabloc SC (10 g/ml; Boehblots, and 1 g per IP. ringer Mannheim). Transfections were carried out using Cellfectin (Boehringer Mannheim). The manufacturer's protocol was followed for such experiments. Briefly, 20 l of Cellfectin and 2 g of DNA Scanning Electron Microscopy were preincubated for 45 min and subsequently added to 60 mm At least ten adults of each genotype mentioned in Figure 6 were plates, followed by a 24 hr incubation time, washing, and a subseexamined by light microscopy (2-4 days post eclosion), and six quent 24 hr incubation period. Lysis was facilitated by douncing were prepared for scanning electron microscopy (SEM). Adults were followed by a 10 s vortex followed by a 30 min incubation on ice.
dehydrated through an EtOH series (25%, 50%, 75%, 100% ϫ 2; After a 25 min microfuge spin at maximum speed, supernatents each for 24 hr) and then critical point dried and sputter coated. The were precleared in protein A/G beads (Pierce) for 30 min at 4ЊC. All phenotypes were consistent from adult to adult at both light and immunoprecipitations were carried out in 800 l of lysis buffer rotat-SEM levels. ing for 4 hr at 4ЊC. Two washes using lysis buffer followed precipitation. After sample buffer addition and 5 min boiling, extracts were Acknowledgments analyzed by SDS-PAGE. Gels were transferred by wet transfer onto PVDF ( 
